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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compact low-cost and 
high-variable power zoom lens which can obtain images of high 
image quality from an object at infinity to an object at a short 



distance. 

SOLUTION: This zoom lens is composed of a first positive lens 
group Grl, a second negative lens group Gr2, and a third positive 
lens group Gr3 which are arranged in order from the object side. At 
the time of varying the power from a wide angle end [W] to a 
telephone end [T], lens groups are so moved that an interval d4 
between first and second lens groups is extended and an interval 
dlO+dl 1 between second and third lens groups is extended; and the 
second lens group Gr2 is moved at the time of focusing. An extent 
M1 of movement of the first lens group Gr1 from the wide angle end 
[W] to the telephoto end [T] with respect to the focal length of the 
entire lens system in the telephoto end [T] is prescribed by 
inequality 0.05<M1/fT<1.0 (where FT is the focal length of the entire 
lens system in the telephoto end). 
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1), Rc/)M2 u>Xe$(Gr2), lEc)^ 3 u>Xg^(Gr3) T' 

ffW^iic $ n . it.^ [w] /} ^ h m,mz [ t ] --c/) ^(^(/^p^ . 

Ml. j1I2 i/>xe^niir^(d4);6>ii:?s:L. ^2, ^3u:/ 
XTOHft^ (dlO+dl 1) ;^^?Ttd/^-r 5 J: 9 Jc:^ u v xmtmm 
L. -7+ — :;^^/>:/c/:>Rr^{c^2 U vXgf (Gr2) /i^^ift-T 

(6r 1 ) </) f^SAfil: IP] ic J^S L Aco 
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(2) 

/ 

0,05<M1/fT<1.0 

0- 1< /^®//^®<1.5 20 

/i®= /^2T//^2W 
/J<3)=/^3T/^/UW 

2W : /iC f^n^rffiT'c/:*!^ 2 u >Xg^c;)tMf^45, 

a 21 : mm^^X'om2 u>xm(Dmi^m. 
/i3T : mm^v(^:>ms \^>xiSi^(nmi^m. 

2 i->xuto:>mmfr^m±L. mmm2 t-^xmtnum 
ms i^> x^to:fmm:^m'M'r^^ ^{c. ^>/j:< ^ t,^ 

iPAcmtiim 2 i^i^xmf}-^m'r^ x— a u>'Xr-^5o 

0. 1< I /i2T I <1.0 

/^2T : giiHi^;fii-C-c/).^2 U>'X8$(/)t^^f^^l$l, 

^--> xt^^^iyzttj:mnt't^mMm \ ^ittm^st^ 

x—s. u > X,, 

1 uvXfiti:. nO)^<K^ — ^.k--ri-;^m2i^>X^t. IE 

2 u >' X§* t tnmmymX L . mitd.^ 2 u > X8t <»: RufS 



il#r^¥l 1 -2 4 2 1 5 7 

2 

P:^lCBfjfE^2 U'^^X8f;!)^:^t/)i-5X— AuvXT'^o 
T. fmfsm2 u>Xgt{ci^Tc')^f4^^$r?^J£^'5IN^iS 

X ; 

0< (x-xO)/^(N' -NX 1.0 

xo : mmmmo:>^m{zMLxmmj7i^(/:>Mi^xa:>^m:^ 

I UVXgf^, A(/)^'^'^7 — ^^"^^^2 UVXg^^, IE 

2\^>^xmt(Dr^m:^^-mi^\.. mi^m2\^>xmtmu 

1 u>Xt|<i:^3 u:/Xt^//.^l/jL, — :^ co 
l?^(CBfj|s^2 u>xgfA^>^iiji-5X— Au:/XT'^o 

T. ntimms i/>x'gf (cJi^Tco^fij^j^^y^j^-r^^^Bj^fii 

X ; 

-0.9<(x-xO)/(N' -NXO 

X : 4mm(o^m{zMLxmm.:^{^(DM^x(oit$^jj[^ 
xo : mmi^m(o±mzMLxmm::^{^(/m^x(o^m:^ 

[0 0 0 1 ] 

i^^mcom-r^iMrAm] ^^mmn. x— au^xicpj 

[0 0 0 2] 
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3 

[0 0 0 3] 

[0 0 0 4] ;^i:|gp;ijl. ccoj: ^/cC+iciaicig^^T/jr^ix 
) T' ^ o r . ns !* ^ /J ^ b iir ^ ^ T' iij 

[0 0 0 5] 

'){::. ^P^A:<thm\ i^>^^tm3 ui^xmr-i^m 
0. 05<Ml^fT<1.0 

[0 0 0 6] ^2c/)^q^c/)X — i^UVX{i, ±tdll ic/) 
0. 1< /^@//^®<l. 5 
/i(3)=/^3T/'/^3W 

/^2T : Miiif^ffir'(/:>^2 > X^a:)m\^^. 
[0 0 0 7 ] ^if 3 t;)^{3;^(7)X — u>X>t. li^itmfj^h 

A L . HuSi^H^ 2 u > xg^ ^ Hutdig 3 u > xe* t o')Ppnr^/j^ 



(3)- 4^^^ 1 1 -2 4 2 1 5 7 

0. 1< I /^2T I <1.0 

fill : mm^x<Dm2 i->^xmo:>mi^m. 

[0 0 0 8] ^4co^0^c^)x-juu>'x'[i, ±mm\x 

W <t t> itt:(/>MU'>'X'$:^trctS:#{g[i:-r6o 

[0 0 0 9] m5(o^mo:>x—j.u>x{±^ m^m^)^^ 

:^L. mmm2i^:y::<mtmmms\^:yxw^t<r>mmr- 
^i/j-^^x— ixuvxr-fcoT. mjtsi^2 u>x§t{cj;^ 

0<(x-xO)/'(N'-N)<1.0 

xo : mm^m(r>^mzM{.xmm::^\^<o^^x(Dit^^ 

30 X^h, 

[0 0 10] me(D^mo:>x—M.i^i^x{t. '^mm^h 

x§$^, xmf^^ti. fr.^wj-hmmm^(Dm^a-)i^^. 
{c. mmmi \^>^^mtmnd,m2i-i^xmt(Dr^m7^m 

mtdm2i^>':X^tmltdm3i-iyXmt<Dmm^'^ 

my^^mv. y :t—tfzy>^^^(/:>m\zmmm2 i^-^xmr- 
i^Hj-r^x-AuvXT'^oT. mjteB3 i/>xe${cjt^ 

-0.9< (x-xO)/(N*-N)<0 
tztzL. 

x : mtm(nicmcnLxmm.i7\^o:>^^x(Dit«^:^\^ 
xo : &mmm(/:>itm{znLxmm::^^c^:>^^x(r>itm\:^ 

50 T'rfbOo 
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5 

[ 0 0 1 1 1 

1 ~^3(/:)||^</)jf^rgc/)X — i;. u>X{c^;a^'n:^ft/'"c:^i- 
LTl^-Sn #U'>Xt/rffi^Ill'pc/)^fnmj(j=1.2.3){i, ft: 

fc, #u>-xm^lgl4'. ri(i=1.2.3. ...)/j^M-$n7tiS 
yy^i^^ivfzmi^mmX'ib^o di (i=1. 2. 3. . . . ) fj'-H^ 

[0 0 121 mi--m3ammo)mmi-t. ^^^-nxtm^ 

is)/)^^mi^^titz:^mx\ mi i^>:^'m{Qr})mmwj-^ 
p/}i^m-^mm{^^^m-razt\cx-DX. mi ^>x'^(Qi 

r])tm2 u>Xp(Gr2) t(/)mm^^m±L. m2 u>x 

\^>xx^^o ms i^>x^iQr3)o:>mmcmm: 

^ iiXi^^WiiW-^S.i±. n — :7 /u^ — (LPF) X^ 

y't^.i:^t-!^^±^(/:>mm:^'<'^^t^j:^o ^ti. mi 
^l^-{Grl)^»lW}t'thz.tizX^. [w] X(/:>A 

mmmR/)^^m\ i/>Xe^(Grl){^iir< /j:^:^^*:). fj^fl 

[0 0 14] m 1 </)IIS£c/:)JF^flg(cioi^T. ^u-^Xg^ 

1/ > Xir'P (Gr 1) (i, 1^(^MiJ{cdhc/):M ^ - x x u > X 

4^f't':ffl'UC[Ibc/):LE;^^x:^x u^X^, Tti^/i^c^iLT 
l-^Oo u> X|}$(Gr2){i. i|^f4i:fRij{Ci£ljc/)M^-xpf7 

X u >' X 2 ft i: . 1^f'i^fRiJicd}](/)lE ^ ^^ijxi->Xt. 
X\^rs^-^^ziX\'^o fff 3 u>Xg$(Gr3){i. nS]£bu>X 

&0"iin!|iaU'> X7jMb/i^of^^U'>X^, fSfdiUVX^, 
[0 0 1 5] i1l2 oOm7c/)/F^fig{Ci5l>T, ^^U>Xgf 

f:i, ^imu-hmizilkTcDJ: icmr^^HX\.^^l>o mi 
i--> Xgf (GrDfl. ^fti|R)i!c£L(/:>M7< — x:;^ X u> XS. 
V^^^it-miZ.dhcOlE.< X X u- > X7jwbrj^<5 j^^^^^ > X' 
1^f-ti:fllf]{Cdbc/)iE/^X;(7XU'>X>, T'tf^/jjc5iir 
l^-^„ ?ft2 u> XP(Gr2)fl, ^t^^^fRi|{cdbc/)^;;<nx^j 
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xu>X<^, fS][M]L^>'X^O?iS]dbU':/X7j^p)/i5c^^^^u 
>Xci:, T'Pi^fe^ixTi^^o 1^3 uvX|$(Gr3)tl, 4^ 
WifRyicd!ic/)IEy^ — x:^x U'>X^^a«4^($:fiUCi{ico^^::^ 
x:;^x u>x7j^ib/5fe6f^^u>Xi:, iSfdhu^X.^, fSj 

[0 0 161 ll3CO^J®(7:>ff^Sg(C:Jol.^r. #U>XSf 

fi, mm\fj-^m\c]:j.To:>^ ^{zmf^^tixi^^, mi 

u > xl¥ (Gr 1 ) , 4^ flij { c a t^:) ^ ^ ^ X ;^ X u > X^ 
0^'#5f^(llfJ{Cdi(DlE;^ ^x :^ X L^^X/j^ib/^Jc-Slg^ U VX 

i^5o ^2 u>Xg$(Gr2){l, 4^MiJtcajcoM7<^x;(7 
xu>X<!:, l^[M]u>X^U<fSidbu>^x7j^e>/5)c:'5lg-^u 
>X<ir, xmf^^tiXl^^. U>Xp(Gr3){l, 1^ 
f^fftl]{Ci£b(/)iE^ — X:^X I/>X;^t;^4^(^fIIJ{Ci£h(7)^7f 
x:^x u>x7j^6/iJc5l^^l^>-Xt , iSfifbJ^vXt, fSf 

[0 0 17] ±m^mmommoyxofj:i^>x^^:f{c 

mm^ti^y^—ijiy^^^jy^ti^xit. m:ti-£. mi 

u > xe$ (Gr 1 ) (7)^1^) -e :7 — ;<7 ;^ X' ^ ft 9 «9 
20 tUL*^, ^3 U>'XS$(Gr3)(7):^»jT'X:^~;t7'>>-i/ 

rSl L^>^Xg¥(Gr1)7)5i}%f$:ff]{c^«9tB$fL6?t*!). m 

< L^j:\^^tmmmf^^mi^-r^^t^'^x^^j: 
tz }^)(D^mm- ± # V ^MitJ^ [ T ] -e^ 2 u- >- xg¥ (cr d 

tms l-'>XP(Gr3) ^7!)^f^ifi-r^{Ct>/jVj-*^P>T, ^ 
2. m^ ^>:xm^\:iyy^ — tii^>^Vo:>fzis!y(Dmm^lt 

io [00 181 z.(D^ofj:m^i)^h±M^%m(nmmx 
m2 xmsari) (Di^wixy ^—ti V 0 

-^(D >^a:>mcm 2 1^ > xg$ (Gr2) r-mi^m 

o{zLX\^^^^ ^c7)J: 9 ic^2 u>Xt¥(G 
r2)Xy^ — :^>^>i:r'^not. :t — ti i^>V(D 

fzi^)0'>^mW)>'pfs:< t^^ftim^wxm I ^'>'Xs$(g 

r\)tm2 i/>Xg$(Gr2) cb;0^ISi5'r6fc*';>. v^:^-???^ 
[0019] its^^licoff^fiico J; 9 (C, lEc/) 

u > xgi^-r t^^ $ . ft [w] > 6 Mit [ t ] ^0:^ ^ 
f^(;:>P:^(::. .^1, 1^2 u> xgf (Grl. Gr2)rpir^/j>Ji;k: 

312, 113 u-vXef (Gr2,Gr3)rBir^?!»M^'>-r6ct 9 
{c. {i^^/j:< i: t)^ 1 , ^3 u^-Xg^CGrl. Gr3)/j^>^i;] 
L. yir — iJ'^>'/o:>mz.m2 U>XU{^rl)iy^T^m-t 
o-^'YX'(/)X~AU>X|c:Jol>T{i. ?:5^(/>^f4=^(1)^ 

0. 05<MlXfT<1.0 ••(1) 
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[0 0 2 0] mt'^Wa^i^omcomi i->^X8t(Grl) 
(c . )^ [ w] X'o:>mmmf^o:> mi^(0 tz mj ^tloit 

[0 0 2 1] Jite^^J^coJF^Sc^) ct 9 {C, IE • M • IE CO 

> xei^T-m/rSt $ ii. [w] /j> ib [t ] -^c;)^ 
L. ^2. m3i->xmiQir2,Gr3)ri^myjm'p'r^xo 

IC. ^i^/^<<^>bllK Ha uvXt^CGrl.Gra);^^^^!!) 
y:t-iJiyi^Va-)mzm2 u>Xg^(Gr2);6>>B^ilj-r 

6 ^ :7^cox — i:. 1/ > x'(c:fci ^r fi. ?>:c7)^f4^^ (2) ^ 

0. 1< /^(3)//i®<1.5 ' (2) 

tztzL. 

/^®=/^2T/"/i2W 

/^2W : fj:P^mw]X(Dm2 u>XS$(Gr2)c7)t^fa^^|£, 

1^21 : ^iI.^^[T]r'(DS2 (Gr2)co«f^^, 
/^3T : ^iai^^[T]Tc;)^3 u^Xg$(Gr3) C0ltf^4^. 

[0 0 2 2] ^f4=^(2)ii, 112, Ha u^^XS¥(Gr2.Gr 

112 u>Xif (Gr2)co^ftfMft'.//^:;^#< 

ei^(Gr3)c/:>'^f^^ty./j=J:^t < /j: f9 

[0 0 2 3] ±td^^tecoif^lg(;) J: -) {c. jE • M • jEc/^ 
U > X8^T h^/}5c ^ iL, ;2: ^ ^ [W] ^3 ^ili^^ [ T ] --O^^ 
fe^c/:)P*?(c, ?f5l. mz i->Xm{Qr),(2r2)mfm^miK 
L. m2, ffl3 U'>Xe¥(Gr2.Gr3)rBir^;5^»i)|!cd/^-r5 J; 9 
{c. 'yf.i:< t I , .^3 u>X&$(Gr1,Gr3)/j^^i^ 
L, ->*T-:/7 v'>^V:)pji^{cM2 l->X8f (Gr2);6^^1^iij-^ 

0. 1< i ii21 \ <1.0 • -(3) 

/i2T : Mii5;S[T]-t'c0^2 u-^ XS$(Gr2) c/)mf^i|i. 



(5) nmW- 1 1 -2 4 2 1 5 7 

[0 0 2 4] ^f4^^(3)i±. mmmT]X(Dm2\^>'X 
P(Gr2)c7)M^LU>#l(tf4^^^^LTi^'5o ^f^^(3)<7) 

£l^iSij3i^(/)^->'<— f^f^;6^^L< 4^^o i^lc. ^(4= 

[0 0 2 5] ±m^mmomm(o^ 9 ic, ie • ^ • ieco 

10 {^o:>mc. m, ^2 uvXS¥(Grl.Gr2)rBlPM7!»^lt:^ 
L. ^2, ^3 u>Xg¥(Gr2. Gr3)rp1Rl;^^^'>-r6J;9 
ic. ^>/j:<i:^^i, M3 u-v^X|$(Grl.Gr3);0^:^Ift 

6^^X(7)X-jU U'>'X{c:ioV^r(±. ?Jc(^)^f4^^(4)^ 

0.03<fW/f1<0.80 •••(4) 

f1 : ^1 l/>'Xg$(Gr1)t7X#,.#.g§^l. 
fW : rum^WX'<D^^.<Dm.^M%%. 
20 T'fe5o 

[0 0 2 6] m^^Wit. ±Mti\^^t^y<'7>^^^ 
ii:5±T'Mi Li\ ^1 i^^XS^CGrl) (O^.^.SgBIlt;^ 

Xgt(Gr1)co,#..'^.g§gt;0>:g< /^oT. m\ l/VXf^(Gr1) 
(7>yN!7-;6*i^|< «9 >5 /^c i6 . i|XlgtSiE{Cii#fii i: 

^(4^5^(4) (7) _hf5S^^x. 6(1:. mi L-->^Xg¥(Gr1)(Dj^..«^. 
mW^^<^£-^X. mi i/>X|^(Grl)(7:>^<!7— 7:>^5^< 

i/:/X»(Grl)ic<>/^< t> 1 tt:(7)ftuvx^|3:ftti 
$rf?±eLi|3i^^M{c^$f{::tfliE-r6^i:/j^r'^'5o 
[0 0 2 7] ±IS#^ia(7)ff^^,co J: 9 IE • :M • lEco 

f^fOir^lc. m, ^2 u>^Xg^(Gr1.Gr2)rBir^/j^ii:^ 

^2, ^3 u>Xe¥(Gr2.Gr3)rBlPM;5^^^>-r'5 J: 9 
i^. 'P^j:<thmi. MS u>-X§$(Gr1.Gr3)//>^I^ 
^0 L, :7:;i--:^->>'>/(D|^(cm2 u-^-Xgf (Gr2);i^:^^^J-r 
5 ^ ^ Xo X - u V Xizm ^Xit. 7X(r> ^{4=^ (5) ^ 

0. KfWx- I f2 I <1.3 "(S) 

f2 : B2 i->X^iQr 2) om.'^Mm. 

[0 0 2 8] ^(4^St(5){i. ^2 i/>'Xi^(Gr2)(7)M^ L 

I ^m.'^.^mit ^m'^ l r t ^ 5 « 5^f4^xC (5) (DTm^m:k. 

^Dt. m2 l->:^^(Gr2)o:>m^^^^mr-^<^£r>X. % 
30 2 i->Xi^{Qr2)(Dy<U—m^<^j:^j^€^tidb. fX-^ 
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iia[W]T'c/)^2 i/>xe$(Gr2) c^ma i/VXp(Gr3) toy 
^^±ri^mr^±^< Ai:^o za:>ti6f). it:^i^[w] X'A^lt 

[00 2 9] ±m^^m(/:^mmo:> X ^ ie • m • iec/) 

ftff^ifj^fc, 1 . M2 (Gr1.Gr2)ra^P,^/;^ti;>C 

'>/,c< <*: t.^ 1 , ^3 u>'X8^(Grl,Gr3)/j^^®;j 

L. -7^-ijiy>'ya:>micm2 i/^x'gf (Gr2)//v^yyj-:j- 
5 ^ :7V) X- > Xic^o I ^ r ft . 55 (c /j: Tt^ii 

et h 1 iSi3:lt^^ <!://^M^ 

0< (x-xO)/(N'-N)<1.0 • -(6) 

(AX):^fplc/)gg{il:(mm ; 4^f^(Rtef^^m <t -^"Oo ). 

xo : mm^mo:>^mm)\cn\^rmm.:^\^o:>^^x'o:>^ 

#(AX):^f&)(;)^fiS(mni ; ^im\:^\^^Mti-^o ). 

[0 0 3 01 #i^'iScO®Jf^4ic^'^-rx, S^^^iS 

x=lC0-y2lXlU/'(l-f •C02.y2)J + Z (Al-y!> -(AS) 
xO={CO-y2J/(1+/"(l-C02.y2)J -.(re) 

y : 7t:f4li(AX){c:V.f Lr5iri::^f^(/)f^$. 
CO : &mm\Eo:)\^m{-t^j:ioh4m^oy^m^m . 
f : 2i;);ililra/'^7;^— 

Ai : \^ik</ymm%m:. 

[0 0 3 1 I ^f^t:xt(6)Ji. $mm:^-m2 U'>X81^(Gr2) 

<;> ^ c/vn 7 " o cfc 9 ?:cff$:i/tr'^ o ^ ^ l t 
Tm^m^^t. !r.mm. mz.mm^xo:>jEo:ti^m)L^ 



2 U>Xgt(Gr2){^^N^ci75^>mi^®^6^^. :i.^/^< ,h 
[0 0 3 2 ] ^3 uvXg$(Gr3){c{i. i^T(7)^(4^5^(7) 

^\ 

-0. 9<(x-xO)//(N'-N)<0 - a) 
[0 0 3 31 ^f^^(7){i. #^S/J^II3 U^-X§$(Gr3) 

i^6o w(7)^f4^.^(7)^f^7^c-^c^(^i:0. ±{cj^:AmiJ 

^mm\^miE'r^ztr-x^^o ^i^^axorm^m 

^"^i^t <ti:^t t Lie, f^iScT^r fiJ--cofejn;0^± 

#<4^6e ^fc. mm\mxo:>mmi\^^(or>y-m\^yj- 

20 1^L</j:5o 4^:fc/m3 i/>Xg$(6r3)lC|^^S755)tt5: 

iS^^^^^. ^>4^< <h 1 ®/j^_btS^f^^(7)^rMJ£L 

i^^O) ^m^LX\.^:^j:< X h/)'-^t>f£\^\ 

[0 0 3 41 mi -^3amm(nmm^mf^Lx 

mm u >- Xc;);ZfT'tllfi)c ^ tt T V > 5 /J ^ m {c PS b I ^, 

X. ^^iffi'^mtmmi^mtcDm^^^itxAm^m^m 

XS$^t/l|/55cLTt» ^fc. #lliS(7)?F^ffi(7>X— w 
(i. :^;^^l^^l'0^^aj!eglcSffl$n-6X-AU>X^ 
[0 0 3 5] 

[^w^Jl i^T, :^|g^^^ffl^L7tx-i.L->'X<7)^^|fife 

m 1 3) {i. x^j-fc^-r^^llf^'l 1 ~ 3 (ouy xmnt^ 

[0 0 3 6] ^mMm:>^>:^ V=7^'^B i^'r — ^iz:^ 
I ^T. ri (i=1. 2. 3. . . . ) it^imW)-^^^X \m^o:>M(/:> 
di (i=l, 2. 3, . . . ) fti|^f^fRiJ/;>6m^Ti#@ </) 

m±.^r^m^ir^ \^x ^3 ^ ^ ni (1=1.2.3. ...). v i (1=1.2. 

3. . ..)i1t^im\fj-htk:tX\^^o:>it^^m(DdmzM 
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// 

^m±mmm(^^mm)n. itm^i^mm.^.mmm [w] 

r>xmt'r^i\s\m(/yxiimmmBmm : D=a smxnm^^ 
10 0 3 71 ^/i. [ikm^'i^r\{c*my^M^ixfzmt. 

^ Ik mmm\z P^I-It 6 ^ ft-s^: (6) . (7) (/:> >r>tfi> ft ( fz. tf 
ymax : 3/fs£|ci5j(/)7t${ll(AX) (c?-!- LX^iE;^f^</)fz:^^ 

[0 0 3 8 1 



20 



30 



f^mW- 1 1 - 2 4 2 1 5 7 

/2 

f=5.3 -9.2 -15.3 
FN0=3. 30-'3. 65— 4. 10 

rl= 19.548 

dl= 0.750 Nl= 1.84666 v 1=23.82 

r2= 12.627 



<j2= 0.424 



r3= 12.949 



d3= 3.840 N2= 1.78831 v 2= 47.32 



r4= 68.620 



d4= 0.650—7.421—13.724 



r5 = 14.638 



d5= 0.550 N3= 1.77250 v 3= 49.77 



r6= 



3. 518 



1.624 



r7*= 8.933 



d7= 0.600 N4= 1.51728 v4= 69.43 



r8*= 5.252 



d8= 0.100 



r9= 6.219 



d9= 1. 178 N5= 1. 84666 v 5= 23, 82 

rlO= 11.985 

dlO= 5.849—2.988-0.775 
rll= ooOROS) 

dll= 1.626-0.815-0.500 

rl2*= 3.502 
rl3= -27.481 
rl4*= 5.124 
rl5«= 6.856 
rl6*=-25.070 
rl7= CO 



dl2= 2.335 N6= L 77250 v 6= 49.77 
dl3= 0.500 N7= 1.84666 v 7= 23.82 
dl4= 2.140 

dl5= 1.724 N8= 1.51728 v8= 69.43 
dl6= 0.500-L 312-1. 626 
dl7= 3.400 N9= 1.51680 v9= 64.20 



rl8= CO 

w 10 0 3 9] imrmiriXD^mmf-^i 

£ = 1.0000 
A4=-0. 39268x10-2 
A6= 0. 11553x10-3 
A8=-0. 10236x10-^ 

[0 0 4 0] [M8®(r8)(/)|^^ifflx — 

f = 1.0000 
A4=-0. 57733x10-2 
A6= 0. 40454 xl0--» 
A8=-0. 10497x10-^ 

50 [0 0 4 1 ] imi 2mirW(n4mmv'-^] 



4#r^¥l 1 -2 4 2 1 5 7 



13 

I = 1.0000 



y=1.00ymax ••- (x-xO)/(N' -N)=-0. 10023 



14 



A4= 0. 72770 xlO-«- 
A6=-0. 67979 X 10- -» 
A8= 0.38557x10-^ 
A10=-0. 31870x10-5 



y=0. OOymax • • • (x-xO) / (N' -N) = 0. 00000 

y=0.20ymax ■•- (x-xO) / (N' -N) =-0. 00049 

y=0.40ymax (x-xO) / (N' -N) =-0. 00846 

y=0.60ymax (x-xO)/(N' -N)=-0. 04816 

y=0. 80ymax ••- (x-xO)/(N' -N)=-0. 18299 

y=1. OOymax (x-xO)/(N' -N)=-0. 57219 



[0 0 4 9] [Ml 5®(rl5)0O^(4^^(7)(7)^lSffi] 



10 0 4 2] imi 4^{rU)(/nmm'r-^] 

f. = 1.0000 



A4= 0.46756x 10-2 
A6= 0. 12070x10-2 
A8=-0. 21457x10-3 
A10= 0. 93588x10-'* 



W y=0. OOymax • • (x-xO) / (N' -N) =-0. 00000 

y=0.20ymax • • (x-xO) / (N* -N) = 0. 00036 

y=0.40ymax • • (x-x0)/(N' -N)= 0. 00705 

y=0.60ymax • • (x-xO) / (N' -N) = 0.04724 

y=0.80ymax • • (x-x0)/(N' -N)= 0.20716 

y=l. OOymax ••• (x-xO) / (N' -N) = 0.71572 
[0 0 5 1 ] 



[0 0 5 0] imi e^ir]S)(D^i^^a)o:>MftM] 



[0 0 4 3] Lmi sm{r\b)(/:>^mmr-^] 

f = 1.0000 



A4=-0. 40002x10-2 
A6=-0. 36486x10-3 
A8=-0. 16556x10-5 
A10=-0. 96863x10-5 
A12= 0. 74247x10-6 



[0 0 4 4] imi em{r\e)o:>mtm'r-^] 

E = 1.0000 



20 



A4=-0. 17769x 10-2 
A6=-0. 40970x 10-3 
A8=-0. 16828x10-^ 

[0 0 4 5] [m7^{rl)a:>M-¥^{e)o:>Mft\m 
y=0. OOymax • - • (x-xO) / (N* -N) = 0. 00000 
y=0.20ymax (x-xO) / (N* -N) =-0. 00069 
y=0. 40ymax ••■ (x-xO)/ (W -N)=-0. 01076 
y=0. 60ymax • • (x-xO)/(N' -N)=-0. 05285 
y=0. 80ymax • • • (x-xO) / (N' -N) =-0. 1 6337 
y=1. OOymax • ■ (x-xO)/(N' -N)=-0. 40229 30 

[0 0 4 6] LmS\EirQ)(Dmt}r^{e)(/:>Mftm 
y=0. OOymax ■ ■ (x-xO)/ (N' -N)=-0, 00000 
y=0.20ymax • • (x-xO)/(N' -N)= 0. 00081 
y=0.40ymax ■ • (x-x0)/(N' -N)= 0. 01299 
y=0. 60ymax (x-xO)/(N' -N)= 0. 06568 
y=0.80ymax (x-xO) / (N* -N) = 0, 20968 
y=1. OOymax ■■• (x-xO) / (N* -N) = 0.52824 

[0 0 4 7 ] [m\ 2m{rn)(/:>^it\^^{i)(/:,MitM] 
y=0. OOymax • • - (x-xO) / (N* -N) = 0. 00000 
y=0. 20ymax - • - (x-xO) / (N' -N) = 0. 00000 40 
y=0.40ymax • • (x-x0)/(N' -N)= 0.00002 
y=0. eOymax • ■ (x-xO)/(N' -N)= 0. 00012 
y=0. SOymax - • • (x-xO) / (N* -N) = 0, 00083 
y=l. OOymax (x-xO)/(N* -N)= 0. 00443 

[0 0 4 8] [m\ 4m{r\A)tJ:>'^{i^^{l)o:>nftm] 
y=0. OOymax (x-xO) / (N* -N) =-0. 00000 
y=0. 20ymax • • (x-xO) / (N' -N) =-0. 00009 
y=0. 40ymax (x-xO)/(N' -N)=-0. 00148 
y=0.60ymax (x-xO) / (N' -N) =-0. 00843 
y=0.80ymax (x-x0)/(N' -N)=-0. 03141 50 



-8- 



(9) 



/5 

f =5.1 —12.0 -^-ag.s 

1^0=2.99— 3.70— 4.10 

[fft±MWfi|] [ffljT*] ^7y^9Q 

rl= 44. 211 

dl= 0.800 Nl= 1.84666 v 1= 23.82 

r2= 20.832 

d2= 4.029 N2= 1.77250 v2= 49.77 

r3= 152.768 

d3= 0.100 

r4= 18.249 

d4= 2. 370 K3=l. 77250 v 3= 49. 77 

r5 = 29.859 

d5= 0.600-9.233-17.240 

r6= 19.880 

d6= 0.650 N4= 1.77250 v 4= 49.77 

r7= 4.408 

d7= 3. 127 

r8*= -33.227 

d8= 0.700 N5= 1.77250 v 5= 49.77 

r9= 9.480 

d9= 2.474 N6= 1.84666 v6= 23.82 
rl0*=-1333.067 

dl0= 8. 204—4. 166—0. 500 
rll= ooflROS) 

dll= 3.409—1.347—0.500 

rl2M 5.418 

dl2= 2. 629 N7= 1. 58913 v 7= 61. 11 

rl3=2001.922 

dl3= 0.600 N8= 1.84666 v8= 23.82 

rl4*= 12.970 

dl4= 0.100 

rl5= 6.165 

dl5= 2.296 N9= 1.51728 v9= 69.43 

rl6= -43.950 

dl6= 2.287 

rl7*=-136.680 

dl7= 2. 017 K10=l. 84666 v 10=23. 82 

TlB*= 34.747 

dl8= 0. 990—3. 052—3. 899 

rl9= oo 

dl9= 3. 400 Nll=l. 51680 v 11=64. 20 

r20= oo 

[0 0 5 2] [msm(rQ)o:>$mm'T—i^] 
t = 1.0000 
A4=-0. 55388x10-^ 
A6=-0. 16191 xlO-4 
A8= 0.40510x 10-6 

[0 0 5 3] cm I Offl5(r10)(/:)INEKiSx-^] 
f = 1.0000 



JO 



20 



30 



40 



^mW-l 1 -2 4 2 1 5 7 

16 

A4=-0. 33736x10-3 
A6=-0. 13922x10-* 
A8= 0. 40165x10-8 
A10= 0. 15666x10-^ 

[0 0 5 4] im\ 2^{rM)(r>$mm'f—9] 

( = 1.0000 
A4=-0. 26629x10-3 
A6=-0. 23313 X 10- < 
A8= 0. 11344x10-5 
A10=-0. 77653x10-' 

[0 0 5 5] [m\ 4m(rH)(D$mm7'-^] 

e = 1-0000 
A4= 0. 15643x10-3 
A6=-0. 16402x10-4 
A8= 0. 96596x10-6 
A10=-0. 90812x10-7 
[00 5 6] imi 7m{rM)a)4m^f-^] 

I = 1.0000 
A4=-0. 53621 X 10-2 
A6=-0. 20781x10-3 
A8=-0. 10253 X 1 0-** 

[0 0 5 7] [mi sm(rW(D4mmr'-i^] 

€ = 1.0000 
A4=-0. 36893x10-2 
A6=-0. 34579x10-4 
A8= 0.53608x10-5 

[0 0 5 8] [|l8oi(r8)(7)^f+^(6)co^/Sft] 



50 



y=0. OOymax 
y=0. 20ymax 
y=0. 40ymax 
y=0. eOymax 
y=0. SOymax 
y=l, OOymax 

[0 0 5 9] 
y=0. OOymax 
y=0. 20ymax 
y=0. 40ymax 
y=0. 60ymax 
y=0. SOymax 
y=1. OOymax 

[0 0 6 0] 
y=0. OOymax 
y=0. 20ymax 
y=0. 40ymax 
y=0. eOymax 
y=0. SOymax 
y=1. OOymax 

[0 0 6 1 ] 
y=0. OOymax 
y=0. 20ymax 



(x-x0)/(N'-N)= 0.00000 

(x-xO)/(N'-'N)=-0. 00001 

(x-xO)/(N' -N)=-0. 00023 

(x-x0)/(N' -N)=-0. 00153 

(x-xO)/(N' -N)=-0. 00631 

(x-xO)/(N' -N) =-0.01915 
m\ O®(r10)(7)^ft5t(6)(7)m(e] 

(x-xO)/(N' -N)=-0. 00000 

(x-xO)/(N'-N)= 0.00003 

(x-xO)/(N'-N)= 0.00046 

(x-x0)/(N'-N)= 0.00247 

(x-xO)/(N'-N)= 0.00834 

(x-xO)/(N*-N)= 0.02188 
mi 2iS(r12)(7)^f^5t(7)c/)^fc;(fi] 

(x-xO)/(N'-N)= 0. 00000 

(x-xO)/(N'-N)=-0. 00006 

(x-x0)/(N' -N) =-0. 00105 

(x-xO)/(N' -N) =-0.00593 

(x-xO)/(N' -N)=-0. 02127 

(x-xO)/(N' -N)=-0. 06061 

(x-xO)/(N* -N)=-0. 00000 
(x-xO)/(N'-N) =-0.00002 



-9- 



(10) mmW-\ 1 -2 4 2 1 5 7 





17 








18 




y=0. 40ymax • • 


• (x-xO)/(N'-N) =-0.00031 










y=0. eOymax • ■ 


■ (x-xO)/(N-N) =-0.00130 


f = 


5.1 —12.0 - 


'29.4 






y=0. SOymax •• 


• (x-xO)/(N'-N) =-0.00291 


FN0=2.45-' 3.25-- 4.10 






y=1.00ymax • 


• (x-xO)/(N'-N) =-0.00241 


[ft 


tfft-tBBWIH] 






[0 0 6 2 1 


[1^1 7il(rl7)c/)^ft^(7)(/)^ft;lii:] 


rl= 


36.506 








y=0. OOymax 


• (x-xO)/(N'-N)= 0.00000 




dl= 


0.800 


Nl= 1.84666 


V 1= 23. 82 


y=0. 20ymax 


• (x-xO)/(N'-N) =-0.00040 


r2= 


18.263 








y=0- 40ymax ■ - 


• (x-xO)/(N'-N) =-0.00659 




d2= 


3.461 


N2= 1.77250 


V 2= 49. 77 


y=0. eOymax 


- (x-xO)/(N -N) =-0.03517 


r3= 


116.093 








y=0. SOymax •■ 


- (x-x0)/(N*-N)=-0. 12014 


10 


d3= 


0.100 






y=1. OOymax • 


■ (x-xO)/(N'-N) =-0.32580 


r4= 


15.507 








[0 0 6 31 






d4= 


2. 015 


K3= 1.77250 


V 3= 49. 77 


y=0. OOymax 


(x-xO)/(N' -N)=-0. 00000 


r5 = 


23.273 








y=0. 20ymax 


(x-xO) / (N' -N) = 0. 00043 




d5= 


0. 600'-6. 636—13.695 




v=0 40vniax • • 


• fx-xO) /(N* -N^= 0 0069? 


r6= 


16. 986 








y— V. uvyiiidA 


xu^ / \n -'n) — u. KJoOco 




d6= 


0.650 


N4= 1.77250 


v4= 49.77 


y=0. SOymax • • 


• (x-xO)/(N*-N)= 0. 11085 


r7= 


4.896 








y=l. OOymax ■■ 


■ (x-xO)/(N'-N)= 0.26359 




d7= 


4.993 






(0 0 6 4] 




r8*= 


-16.744 












20 


d8= 


0.700 


N5= 1.77250 


V 5= 49. 77 






r9= 


11.152 














d9= 


1.385 


N6= 1.84666 


v6= 23.82 



rl0*=-83.928 

dl0= 9.195—4.073-0.500 
rll= coOKOS) 

dll= 4. 500—1. 922—0. 500 

rl2*= 5.436 

dl2= 2.831 N7= 1.58913 v 7= 61.11 

rl3= 542.947 

dl3= 0.600 N8= 1.84666 v8= 23.82 

rl4*= 13.104 

dl4= 0.100 

rl5= 6.303 

dl5= 2.384 N9= 1.51728 v 9= 69.43 

rl6= M9.890 

dl6= 2.198 

rl7^=-150.630 

dl7= 2. 068 N10=l. 84666 v 10=23. 82 

rl8*= 22.929 

dl8= 0.800—3.378—4.800 

40 

rl9= CO 

dl9= 3.400 Nll=l. 51680 v 11=64. 20 

r20= oo 

[0 0 6 5] [m8U(rS)co^N£R®T''"^] 
t = 1.0000 
A4= 0. 79563x10--* 
A6=-0. 12378x10-* 
AS= 0. 35869x10-6 

[0 0 6 6] 1 OiS(r10)cO#^^®x — ^] 
50 f = 1.0000 

-10- 



(11) ^fi^W-l 1 - 2 4 2 1 5 7 

/f 20 



A4=-0. 12152x10-3 






*y=0. 20ymax ■ 




(x-xO)/(N'-N)= 0.00002 


A6=-0. 10434x10-^ 






y=0. 40ymax • 




(x-xO)/(N'-N)= 0.00033 


A8= 0.23898x10-6 






y=0. eOymax ■ 




(x-x0)/(N--N)= 0.00189 


A10= 0. 44462x10-9 






y=0. 80ymax • 




(x-xO)/(N'-N)= 0-00680 


[0 0 6 7 1 imi 2^{r\2)oy4m^v'' 






y=1.00ymax • 




(x-xO)/(N'-N)= 0.01873 


f = 1.0000 






[0 0 7 31 




n 2iS(r12)(7)^fft:^(7)comfi:] 


A4=-0. 24576x10-3 






y=0. OOymax • 




(x-x0)/(N'-N)= 0.00000 


A6=-0. 23003 X 10- < 






y=0. 20ymax • 




(x-xO)/(N' -N)=-0. 00013 


A8= 0.11800x10-5 






y=0. 40ymax • 




(x-xO)/(N' -N)=~0. 00237 


A10=-0. 72870x10-7 




10 


y=0. eOymax • 




(x-xO)/(N' -N)=-0. 01398 


[0 0 6 81 1 4®(r14)co^N£1^^Sr•'- 






y=0. 80ymax • 




(x-xO)/(N' -N)=-0. 05287 


^ = 1.0000 






y=l. OOymax • 




(x-xO)/(N*-N)=-0. 16749 


A4= 0. 15528x10-3 






[0 0 7 41 


imi 4®(r14)c/)^ft^(7)cO>(t/r4t] 


A6=-0. 15571 x10-^ 






y=0. OOymax • 




(x-x0)/(N' -N)=-0. 00000 


A8= 0. 92653x10-6 






y=0. 20ymax • 




(x-xO)/(N' -N)=-0. 00004 


A10=-0. 74612x10-7 






y=0. 40ymax • 




(x-xO)/(N' -N)=-0. 00058 


[0 0 6 91 mi 7^irM)o:>4¥m^T'' 






y=0. 60ymax ■ 




(x-x0)/(N' -N)=-0. 00226 


f = 1.0000 






y=0. 80ymax • 




(x-xO)/(N' -N)=-0. 00393 


A4=-0. 53362x10-2 






y=l. OOymax • 




(x-xO)/(N*-N)= 0-00595 


A6=-0. 18229x10-3 




20 


[0 0 7 51 






A8=-0. 78045x10-5 






y=0. OOymax • 




(x-xO)/(N'-N)= 0.00000 


[0 0 7 01 im \ smirw o:)mmr'' 






y=0. 20ymax • 




(x-xO)/(N' -N)=-0. 00050 


E = i. 0000 






y=0. 40ymax • 




(x-xO)/(N' -N)=-0. 00828 


A4=-0. 38215x10-2 






y=0. 60ymax • 




(x-xO)/(N' -N)=-0. 04414 


A6=-0. 24077x10-5 






y=0. 80ymax • 




(x-xO)/(N' -N)=-0. 15062 


A8= 0.43712x10-5 






y=1. OOymax • 




(x-xO)/(N' -N)=-0. 40780 


[0 0 7 1 ] [m8m{rQ)(Dm'-¥^m(DMftM] ■ 




[0 0 7 61 


in 


n 8®(rl8)(7)^f4^^(7)coxtfS|i:] 


y=0.00ymax • • (x-xO) / (N* -N) = 0. 00000 






y=0. OOymax • 




(x-xO)/(N' -N)=-0. 00000 


y=0. 20yniax • • • (x-xO) / (N' -N) = 0. 00002 






y=0. 20ymax • 




(x-x0)/(N'-N)= 0.00055 


y=0. 40ymax • • • (x-xO) / (N' -N) = 0. 00023 




30 


y=0. 40ymax • 




(x-xO)/(N' -N)= 0.00874 


y=0. eOymax (x-xO) / (N' -N) = 0. 00073 






y=0. 60ymax • 




(x-x0)/(N'-N)= 0.04389 


y=0. 80ymax • • (x-xO)/(N' -N)= 0. 00067 






y=0. 80ymax ■ 




(x-xO)/(N'-N)= 0. 13554 


y=1.00ymax ■•• (x-xO) / (N' — 


N) =-0. 




y=1. OOymax • 




(x-xO)/(N' -N)= 0.31409 


0 0 19 5 






[0 0 7 71 







[0 0 7 21 I OiS(r10)(7)^ft^(6)(/)mfit] [^1 1 

y=0. OOymax • • (x-xO)/(N' -N)=-0, 00000 * 



m.m 




•^mm2 






dlO 


d5 


dlO 


d5 


dlO 


[w] 


0. 379 


6. 120 


0. 386 


8. 417 


0. 341 


9. 454 


[M] 


6. 894 


3. 515 


8. 688 


4.711 


6. 086 


4. 823 


[T] 


12. 383 


2. M6 


14. 421 


3. 319 


1 1. 037 


3. 158 



[0078] 



1*2] 



21 



(12) 



^mW- 1 1 - 2 4 2 1 5 7 



22 









^ftit (3) 






Hl/fT 


& ®y 8 @ 


1 5 2T 1 
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1 f2 1 


'^mm 1 
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0. 6 4 


0. 6 4 


0. 14 5 


0. 7 I 2 




0. 3 0 


0.4 9 


0. 9 4 


0. 14 4 


0. 7 8 5 


%mm 3 


0. 1 5 


O. 6 9 


0. 9 5 


0. 15 8 


0. 7 7 6 



1 0 0 7 9 1 (14 9 ummw^i 1 ---nmm a (^n^^m 

X^h^. m4, El 6. HSdHiiOifJiJ 1 '-1IJSf^ri|3(/)Ml5S w 

mi&m 3 (/y^mmBv^m im^^m d=o. sm) r-c/^tix^iii 

[0 0 8 0] 20 

^ ^ iii fek- '-^ ^ T^-^ ilj W (D iij it ^ f# 5 <t /j ^ 

5o 



[US] nrnm I c/)i5f^^t^t>c^ (D=0. 5m) T-c/)iiX^Ilo 

[me] ^Ji0ij 2 .cot^nsimj^t^tffir-coiix^Ho 

[H 7 1 mSi^J 2 </)ifi^«i^+icJM(0=0. 5m) r'<7)i|Xl^ilo 
[US] ^te(^«]3c/)^niitlSi^4>cftgT'COijX^[l], 

[n 9 ] mmm 3 c^^issJii^iK^ (d=o. sm) xomi^m. 

Grl 1 i^l^Xm 

Gr2 --112 ix>^X|f 

s "-m^ 

Gr3 -^3l^vXSf 

LPF • /^;^:7^/^^ — 



[m 1 ] 



[1112] 



ne* 





dIO dt1 



I 




CT] 
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(13) 



m^W' 1 1 -2 4 2 1 5 7 



[[114] 




Y--3.1 



r-3a 



5C 



■DM 
-OS 



•O.I D.1 



Gr3 LPFCW] 

FN0-3.S5 V-a.l 



CT] 



-6.0 5.0 
Y'-3.1 



-d 

-SC 



•O.l 0.1 

mm iE2E*ft 

} 



SC 



•a.t 0.1 
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